Patient Physical Characteristics and Preconception Genetic Screening
Public Health Genomics 2010; 13:336-344 
337
The Centers for Disease Control and Prevention (CDC) released recommendations for improving preconception health and health care in 2006. These recommendations were developed by a CDC/Agency for Toxic Substances and Disease Registry Preconception Care Work Group and a panel of external partners through review of published research and existing professional practice standards and guidelines. The CDC recommendations use classifications originally developed by the American Academy of Pediatrics and American College of Obstetricians and Gynecologists (ACOG) in their 'Guidelines for Perinatal Care' that define 4 domains of preconception care interventions: physical assessment, risk screening, vaccinations, and counseling. One of 8 areas within the domain of risk screening is genetic risk assessment [4] . Genetic risk assessment performed as a part of preconception care gives women reproductive options that would not be available if screening was performed at a later point in time, including time to obtain follow-up testing for test validation, not having specific diagnostic options limited by gestational age, and allowing discussions of reproductive planning to occur without concern about the outcome of an ongoing pregnancy [5] .
The 2006 CDC recommendations to improve preconception health and health care called for the creation of guidelines for physicians on preconception risk assessment through screening [6] . Existing genetic testing and screening guidelines released by professional organizations make recommendations about whom to offer testing: usually high-risk individuals, defined as those with a family history of the disorder, or members of racial, ancestral, or ethnic groups with high rates of the disorder relative to the general population. For example, ACOG recommends that individuals of African, Southeast Asian, and Mediterranean descent be offered carrier screening for hemoglobinopathies, which include sickle cell disease and the thalassemias, due to their high frequency in these population groups. They qualify this recommendation, however, by saying, 'It should be noted that ethnicity is not always a good predictor of risk because individuals from at-risk groups may marry outside their ethnic group' [7] .
Similarly, in 2001 ACOG and the American College of Medical Genetics (ACMG) issued guidelines for cystic fibrosis carrier screening. These guidelines recommended that carrier testing be offered to Caucasian couples, including Ashkenazi Jews, who are planning a pregnancy or seeking prenatal care, and that it also be made available to all patients [8, 9] . These guidelines were updated in 2005, again stating that screening should be offered before conception or in early pregnancy when both partners are of Caucasian, European, or Ashkenazi Jewish ethnicity, and that information about screening should be made available to all couples. This time, however, they added that 'it is reasonable to offer cystic fibrosis carrier screening to all couples regardless of race or ethnicity as an alternative to selective screening' [10] .
Controversy surrounds carrier screening that targets specific groups, both in terms of what criteria should be used to identify individuals who are members of highrisk populations and the impact of increasing racial and ethnic admixture on implementing such criteria. Disagreement in these domains makes exploring the influence of primary care physicians' perceptions of patient characteristics on the types of screening offered a question of interest [11] . Little is known about the implementation or effectiveness of genetic testing guidelines published by professional organizations like ACOG or ACMG. Specifically, the patient factors primary care providers consider when making decisions to offer preconception genetic services are poorly understood.
The objective of this study was to assess the factors influencing family physicians' decisions of whether or not to offer preconception genetic screening using a clinical vignette that did not describe the race, ethnicity, or ancestry of the patient, but was accompanied by a picture of either a black or a white woman. We surveyed family physicians because they have identified the importance of genomic medicine to the field, they provide much of the health maintenance, family planning, and chronic disease care for women, and they have articulated the role of the specialty in translating preconception care into clinical practice [12] .
Methods

Study Sample
Subjects were recruited from the membership of the American Academy of Family Physicians (AAFP), the national association of family doctors. The AAFP is one of the largest national medical organizations, with more than 94,000 members within the 50 states, D.C., Puerto Rico, the Virgin Islands, and Guam.
In January 2005, prior to implementation of the AAFP Annual Clinical Focus on Genomics curriculum, 10,000 AAFP members were randomly selected to participate in a web-based survey. Selected physicians were sent invitation e-mails from the AAFP that described the study's purpose, risks and benefits of participating, and provided participants a URL to access the survey online. Invitations were sent in 2 groups of 5,000 members each. The sample was stratified by years since completing residency, such that half of the invitations went to physicians who had completed residency over 15 years earlier. Two reminder e-mails were sent within 2 weeks of the original invitations. As an incentive to participate, physicians who completed the survey were entered into a lottery to win 1 of 6 iPods. The survey was available online for 3 weeks and took approximately 30 minutes to complete. The survey was designed for web-based administration and located at a portal on the AAFP home page. The study was reviewed and approved by both the National Institutes of Health and the AAFP institutional review boards.
Survey Instrument
Physicians were asked about recommendations for genetic screening in response to a clinical vignette. Physicians were randomly assigned to view the vignette -which did not describe the patient's race, ethnicity, or ancestry -with a picture of either a black or a white patient ( fig. 1 'Monica is a healthy woman, age 36, who has commercial insurance through her employer. She is in your office for her annual physical exam. She informs you that she is thinking about becoming pregnant for the first time. She does not know of any genetic diseases in her family or in her partner's family. She comes to your office for medical counsel. ' After this vignette, physicians were asked to respond 'yes' or 'no' to the question: 'Would you offer any genetic screening/testing?' Those who answered 'yes' were then asked: 'What screening/testing would you offer? (Check all that apply)', with the possible choices being: Other relevant characteristics assessed in the survey included characteristics of the practice setting, time spent in research and with patients, knowledge of United States Preventive Services Task Force guidelines, and self-identified race and ethnicity. We acquired the physicians' gender and years since residency through the AAFP membership database. Input on the list of conditions from which physicians could select to offer testing was received from 2 genetic counselors.
Statistical Analyses
Descriptive statistics and correlations were conducted. Physician characteristics included gender, number of years since residency completion, working in an academic environment, and time spent with patients. A 2 test of independence was used to analyze relationships between the patient's skin color (black or white), decisions to offer screening, and the types of screening test offered. Throughout this report p ! 0.05 is used as the criterion for statistical significance.
Results
1,035 physicians completed the web-based survey, representing a response rate of 10%. Physicians who reported spending less than 10% of their time with patients were excluded to confine analyses to participants who were active care providers (n = 994). Table 1 presents descriptive statistics of the 994 respondents. Participating physicians were comparable to those who did not respond, with the only difference being that respondents involved in research were overrepresented in the sample compared to the AAFP membership as a whole (18 vs. 9%) [13] . Of the 994 family physicians, 26 did not view the vignette, leaving 968 total respondents in the final sample. Roughly half of the 968 respondents saw a picture of the black patient (n = 495) and roughly half saw a picture of the white patient (n = 473). There were no significant differences between physicians who saw the black and white patient for the characteristics listed in table 1.
Offering Preconception Screening/Testing
Generally, physicians said they would not offer screening/testing in response to the clinical vignette. Of the 968 physicians who saw the vignette 965 responded to the question whether they would screen the patient and 668 (69%) reported that they would not offer screening/testing to the patient. For physicians who saw the black patient, there were a number of characteristics that were significantly associated with offering genetic testing, including female gender (p = 0.0080), completing residency less than 15 years earlier (p = 0.0062), and working in a university, teaching, or residency training environment (p ! 0.0001). Interestingly, there were no significant associations between physician characteristics and offering genetic testing for those who saw the white patient ( table 2 ).
Differences in Screening/Testing Offers between Patients
Physicians were 1.5 times more likely to offer genetic screening/testing to the black patient than to the white patient (p = 0.0034). Among those who would offer screening, physicians were more likely to offer screening/ testing for sickle cell disease, ␣ -thalassemia, and ␤ -thalassemia to the black patient than the white patient (sickle cell: 78.4 vs. 7.3%, p ! 0.0001; ␣ -thalassemia: 15.1 vs. 5.7%, p = 0.0113; ␤ -thalassemia: 18 vs. 9%, p = 0.0278). Additionally, among those who would offer screening, Figures are percentages with numbers in parentheses. 28% of male physicians offered screening/testing. 31% of male physicians that saw the black patient offered screening/testing. 26% of male physicians that saw the white patient offered screening/testing. Not all physicians answered all survey items. physicians were more likely to offer cystic fibrosis screening to the white patient than the black patient (48.8 vs. 26.1%, p ! 0.0001) ( table 3 ).
Factors That Influenced Screening/Testing Offers
Of physicians who would offer testing/screening in response to the clinical vignette, the majority (88%) reported that the age of the patient influenced their decision to offer screening. Of the remaining possible factorswhich include race, ethnicity, family history, ancestry, health insurance and cost -health insurance was listed least often as an influential factor in decisions to offer screening ( table 4 ) . Physicians who saw the black patient were significantly more likely to report that the patient's race was a factor in their decision than those who saw the white patient (76 vs. 49%, p ! 0.0001). 28% of the physicians who would offer genetic testing/screening listed family history as a factor that influenced their decision. Other than race there were no significant interaction effects between the patient seen by the physicians and factors reported as having influenced their decisions to offer testing.
Discussion
In contrast to national recommendations, the majority of physicians in this sample would not offer any genetic testing/screening to a patient thinking of becoming pregnant for the first time and requesting medical advice. With increasing focus on integrating preconception care into clinical practice and public health, as well as recommendations that carrier testing ideally be performed before conception, should genetic testing have been offered more frequently to the described patients? A 2006 survey found that women prefer to receive preconception health information from their primary care providers, as opposed to other sources [14] . This finding, coupled with growing knowledge of human genetics and rapid development of genetic tests for both single-gene and polygene disorders, suggests that primary care providers will increasingly need to make decisions regarding recommending preconception genetic screening to their patients.
There could be a number of reasons why family physicians in this study did not frequently choose to offer genetic screening. Inconsistency in primary care providers' application of general preconception interventions has been attributed to inadequate provider education, lack of confidence that preconception education is valuable, a belief that women will 'know' to seek the care appropriate to their needs, and concerns over lack of reimbursement coverage for preconception visits [15] , all factors that likely apply to preconception genetic screening. As the proportion of family physicians offering genetic screening/ testing to the black patient decreased and as time since residency increased, our results also suggest that recent training in genetics may increase physicians' awareness and comfort offering these services. There was no significant association between offering genetic screening/ testing and time since residency for the white patient scenario.
Though physicians did not frequently offer genetic screening/testing in response to the clinical vignette, we found that physicians were 1.5 times more likely to offer testing if they saw the vignette with the picture of the black patient (p = 0.0034). Additionally, race was the only factor listed by physicians as influencing their decisions to offer testing that was statistically significant between the 2 patients. These findings suggest that patient race is important to physicians when making decisions about preconception genetic testing and that decision making in this domain is influenced by patients' physical characteristics. The clinicians' use of physical appearance as a proxy for race is interesting to note, as current guidelines for carrier testing frequently describe populations using ethnicity or geographic ancestry rather than race. There is substantial debate in the field of human genetics about the relationship between race and genetic variation, namely whether self-identified race can serve as a proxy for an individual genetic background [16] [17] [18] . Additionally, there can be heterogeneity between an individual's self-identified race, the race that healthcare providers may perceive them as identifying with, and their actual genetic background, which further complicates decision making in offering preconception genetic testing. Thus, questions of importance are what types of screening should have been offered to each patient and what factors should be weighed in making these decisions.
There were 4 disorders where significant differences were seen in genetic testing offers between the 2 patients: sickle cell disease, ␣ -thalassemia, ␤ -thalassemia, and cystic fibrosis. For physicians offering testing, screening for sickle cell disease was offered by over three quarters (78.5%) of the physicians who saw the black patient and less than 10% of the physicians who saw the white patient. Screening for ␣ -and ␤ -thalassemia was also offered more frequently by physicians who saw the black patient and offered testing ( table 3 ) . Current ACOG Clinical Management Guidelines recommend offering carrier screening for the hemoglobinopathies (sickle cell disease and the thalassemias) to individuals of African, Southeast Asian, and Mediterranean descent [7] . We believe that physicians who saw the black patient were more likely to interpret her physical features as indicating that she belonged to one of these high-risk groups than physicians who saw the white patient. Sickle cell screening was offered by the physicians who saw the black patient at a higher rate than any other type of genetic screening/testing. This suggests that physicians have knowledge of the prevalence of sickle cell disease individuals of African descent in the United States.
Screening for cystic fibrosis was offered by 49% of the physicians who saw the white patient and by 26% of the physicians who saw the black patient ( table 3 ) . The 2001 ACOG recommendations were explicitly revised in 2005 to state that cystic fibrosis carrier screening should be offered when both partners are of Caucasian, European, or Ashkenazi Jewish ethnicity and that it is reasonable to offer cystic fibrosis carrier screening to all couples regardless of race or ethnicity as an alternative to selective screening [10] . Similar to physicians who saw the black patient and subsequently offered testing for the hemoglobinopathies, it is likely that physicians who saw the white patient interpreted her physical features as indicating that she belonged to one of the high-risk groups for cystic fibrosis. The ACOG guidelines on cystic fibrosis screening are not static and have evolved since the implementation of ACOG-recommended population-based carrier screening in 2001. As this process is seen as a model for the successful integration of preventative molecular medicine into routine primary care [19] it is of interest that cystic fibrosis screening was not offered at a higher rate to both patients.
As scientific knowledge about genetic diseases has grown, it has become apparent that there are differences in the incidence and prevalence of disease-causing mutations between population groups. Current carrier testing guidelines have struggled with defining population groups that will benefit from testing for specific muta- Three physicians (1 saw the black patient, 2 saw the white patient) did not answer this survey question. This is reflected in the non-missing n provided in the column headings.
tions [9, [19] [20] [21] , which is reflected in their use of multiple constructs to define high-risk groups, namely race, ethnicity, and ancestry [7, 10, [22] [23] [24] . How these constructs correlate with genetic variation and their usefulness in clinical practice is a subject of heated debate [25] [26] [27] . It has been established, though, that physical characteristics may correlate with race and ethnicity, but that they are weakly correlated proxies for these categories and do not reflect individual genetics [28] .
The ability of many genetic tests to reliably detect carriers can vary depending on the panel's composition and the individual's genetic history, as is the case with the current cystic fibrosis screening panel. This necessitates a reliable way to estimate individual genetic background in order to communicate relative risk information, which presents a significant challenge for physicians implementing existing genetic screening/testing guidelines, both in terms of targeting high-risk populations and providing relative risk information. Though better than estimates based on physical features, the weaknesses of self-identified race and ethnicity (SIRE) as a proxy for individual genetics raises questions of under which conditions, if any, SIRE is good enough for guiding clinical decisions. Recently, ancestry has been suggested as a potentially more accurate indicator of genetic background [29] than SIRE, but our findings suggest that the concepts of geographic ancestry and descent may not resonate with physicians, who may base decisions on interpretations of physical features and common views of race. Addressing these issues now is essential to the integration of genetic risk assessment into preconception care, as the complexity of defining the correlation between individual genetics, physical features, and racial, ethnic, or ancestral group memberships will only increase as the United States population becomes more heterogeneous and the frequency of admixture continues to increase [11, 30] .
Several limitations should be considered when interpreting these results. First, physicians offering genetic screening/testing in response to the clinical vignette offered amniocentesis and maternal serum ␣ -fetal protein at the highest rates. Additionally, they listed age most frequently as a factor influencing their decision to offer testing. The physicians may have interpreted the scenario as asking what genetic screening/testing they would offer to the patient during that visit as well as in the future when she becomes pregnant. As maternal age is a risk factor for fetal chromosomal abnormalities assessed by amniocentesis and MSAP during pregnancy, offering these tests to the patient they were provided is consistent with current clinical recommendations and guidelines. It is also possible that physicians who responded to the clinical vignette misunderstood the patient's status, assuming she was pregnant. Such a misinterpretation of a scenario dealing with reproductive genetics is not entirely surprising. Prenatal care has been a mainstream intervention since the 1980s and is familiar to family physicians. Interventions that identify and modify risks for future pregnancies are less common to family physicians, with estimates showing that only 1 in 4 currently provides ageappropriate preconception care [1] .
Additionally, there were a number of factors relating to physician decision making that were not measured with this survey. While some conclusions can be drawn about physicians' perceptions of the patient's race, ethnicity, and ancestry based on the types of tests they offered, these perceptions were not measured directly. Also, while factors that influenced physicians' decisions to offer any genetic testing/screening are known, those that influenced specific testing offers were not measured. Variation may exist between factors that influence decisions to offer specific genetic tests. Exploring these differences will provide a more complete understanding of physician decision making in the context of preconception genetic testing. Finally, we do not know what additional information, if any, physicians would have wanted to collect from the patient before making decisions about offering genetic testing. It is possible that the number of physicians who would offer genetic screening/testing or the patterns of tests offered would change in a scenario where physicians were able to gather information from the patient in addition to that presented in the vignette.
Finally, our response rate of 10% was low. Physicians are known to be a difficult population to survey [31] , and the family physicians who completed the survey were representative when compared to the overall American Association of Family Physicians membership [13] . Also our sample was not sufficiently diverse with respect to race and ethnicity to use physicians' self-reported race/ ethnicity as an analytic variable. It should be noted that our results only provide information about the preconception genetic screening practices of family physicians and not other primary care specialties. These areas should be explored further; it is possible that physicians' decision making and preconception genetic screening behaviors may vary with respect to physicians' self-identified race/ ethnicity and specialty.
In conclusion, our results emphasize the need to widely convey the importance of preconception genetic screening as a component of preconception care to primary care providers. This should be recognized as an important public health issue [32] . Additionally, only 28% of physicians who offered genetic screening/testing indicated that family history was a factor that influenced their decision. Our respondents may have interpreted the vignette to suggest that the patient's family history of genetic disorders was negative, but these findings still highlight that emphasis of family history as a powerful risk assessment tool and indicator for genetic testing is needed [33, 34] . Finally, our results also speak to the need to clarify existing guidelines for carrier screening, both in terms of how they describe targeted population groups and how they are interpreted and applied by physicians. Primary care providers need to understand the relationships between physical features, self-identified race and ethnicity, ancestry, and human genetic variation. Further research on how these concepts are used in clinical decision making, including the implications for use of preconception genetic screening, is needed and specific guidelines for preconception care should be developed.
The correlation between physical characteristics and individual genetics is weak at best. Successful application of targeted preconception carrier screening will depend on the development of quick and reliable ways to collect information from patients about their geographic ancestry. However, the United States population is becoming more diverse, and the use of ancestry to guide targeted preconception carrier screening is not the only public health strategy to consider. Universal preconception screening for certain conditions may be a better approach and would certainly be less challenging to implement from an educational standpoint than a strategy based on fluid definitions of race, ethnicity, and ancestral background. Additional research is needed to better understand the benefits and costs of offering all patients seeking preconception care a standard array of carrier screening tests.
